Extra-cellular ligands and cytokines instruct stem cells to pick specific fates and to activate corresponding genetic programs into differentiation. When a stem cell responds to such an external cue, it is first specified to take a particular differentiation route and then becomes irreversibly obliged or committed, to its future fate. 1 Only later, upon full activation of the new genetic program the cell morphology may be modified and new cellular functions will be acquired.
Commitment is a critical step in the life of the cell, as it restricts its developmental potential to just a single option. Therefore, fundamental to commitment is the ability to actively block alternative differentiation programs early on. Whereas only a small amount of data is currently available about the molecular mechanisms underlying commitment, we and others previously suggested that miRNA may confer developmental robustness, by repressing developmental programs related to sibling cell types. 2, 3 For example, osteoclasts and macrophages are both descendants of the monocyte lineage related to the mononuclear phagocyte system. 4 Whilst originating from the same hematopoietic precursor, macrophages identify, engulf and kill invading microorganisms, whereas osteoclasts are bone digesting cells.
In our recent work, 5 we have explored the function of a miRNA gene, miR-155 that is expressed very early upon macrophage commitment. Pathogen associated molecular patterns such as lipopolysaccaride, signal into differentiation of macrophages. When exposed to lipopolysaccaride, macrophages upregulate miR-155 expression, roughly 100-fold. 5, 6 miRNA activity directs stem cell commitment to a particular fate This manuscript has been published online, prior to printing. Once the issue is complete and page numbers have been assigned, the citation will change accordingly.
miR-155 expression confers robustness to macrophage differentiation by repressing the alternative, osteoclast, fate. This way, miR-155 mediates the commitment of monocyte descendants to the macrophage fate. 5 Specifically, miR-155 switch-like activity endows activated macrophages with the ability to ignore the molecular cue for osteoclast differentiation. This cue is the Receptor Activator of NFkB ligand (RANKL), which signals into activation and upregulation of the microphthalmiaassociated transcription factor, MITF. When upregulated and activated, MITF propels monocyte progenitors toward osteoclast differentiation. However, miR-155 represses the expression of MITF and disrupts this cascade.
The distinctive expression kinetics of miR-155 and MITF appears to play a key role in regulating the macrophage vs. osteoclast commitment. Thus, on the one hand, about two hours after lipopolysaccaride stimulation, transcriptional and posttranscriptional mechanisms upregulate miR-155, which commits monocytes to become macrophages by blocking the alternative route. On the other hand, osteoclast specification is reversible for a long period of time after introduction of RANKL inasmuch as cells become committed only twelve hours after induction. Thus, commitment to the osteoclast fate is a slow process relative to the sibling macrophage fate. This asymmetric design, which is schematically shown in Figure  1 , provides a window of opportunity for miR-155 activity to repress MITF and by that, osteoclastogenesis altogether.
The repression of MITF by miR-155 is accompanied by co-repression of PU.1, 5 another key transcription factor in osteoclast development that was shown to synergize with MITF. The repression of PU.1 by miR-155 is well-documented in other systems (for example, see ref. 7 ) and the idea that a miRNA tackles two molecular partners in the same pathway is attractive. Nonetheless, PU.1 is only mildly downregulated, and the rationale for this limited effect may be that PU.1 expression is important also in macrophages.
miR-155 function in not limited to the innate immune system. For example, miR-155 is instrumental in CD4 + lymphocyte differentiation into T helper 1 (Th1) vs. T helper 2 (Th2). Intriguingly, miR-155 knockout cells are more prone to Th2 differentiation than to Th1, suggesting that miR-155 expression promotes Th1 differentiation. 8, 9 This preference is conveyed by direct repression of the Th2-related transcription factor, c-Maf, which contains conserved miR-155 seed matches on its mRNA 3' untranslated region. 9 Thus CD4 + T cells are intrinsically biased toward Th2 differentiation by miR-155 function upstream of a transcription factor related to the alternative fate. In this sense miR-155 activity in lymphocytes 8, 9 is reminiscent of its activity upstream of the transcription factor MITF in the monocyte lineage. 5 Mutually-exclusive expression of miRNAs and their targets is a prevailing theme in development. 2, 3 Therefore, the mode of regulation exemplified by miR-155 likely reflects a broadly used genetic motif, realized by many species of stem cells. Several other studies addressing the role of miRNAs in a variety of developmental contexts, including, for example, miR-150 function in the
